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Synopsis：Inter－utterance　Quotation　Network　Analysis（IQNA：Tomida，2007a）is　a　set　of
tools　1「or　transcribed　conversational　data　based　on　natural　Ianguage　processing　technology．
Using　IQNA，　researchers　can　obtain　visual　representation　of　the　dynamics　of　discussion
processes　and　indices　for　the　quality　of　discussion．　The　oりlective　of　the　present　paper　is　to
introduce　the　four　tools　of　IQNA　and　to　demonstrate　how　they　can　facilitate　to　understand
process　and　qua；ity　of　discussion．　The　analytical　scopes　of　these　tools　cover　the　following
four　planes：（1）intra－individual，（2）inter－individual，（3）intra－group，（4）inter－group　Plane．　The
tools　were　expiained　in　terms　of　the　scope　of　analysis，　supposed　results，　generaI
procedures，　and　some　examples　of　past　studied．　ln　the　ftnal　section，　applications　of　IQNA
within　educational　settings　are　discussed．　The　most　promising　applications　of　IQNA　will　be
in　the　two　programs：（i）an　on－site　support　system　for　teachers　and　students　to　facilitate
classroom　discussion　and（ii）on－line　self－training　system　to　improve　thinking　skills．
Keywords：inter－utterance　quotation　network　analysis，　quality　of　discussion，　classroom
discussion，　network　analysis，　thinking　skills
　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　lntroduction
Potential　Needs　for　Measuring　Discussion　Quality
　　　　With　the　spread　of　globalization，　a　citizen’s　ability　to　communicate　has　become　an
important　educational　concern　in　many　countries．　The　most　common　examples　can　be
found　in　the　business　world．　For　example，　effective　communication　in　brain　storming
sessions　and　collaboration　between　different　industries　are　essential　aspects　in　current
business　circles．　Effective　communication　seems　to　be　a　key　to　success　in　the　globalized
society．　From　an　educational　perspective，　the　current　situation　means　that　students　should
learn　how　to　communicate　with　people　from　a　variety　of　backgrounds．　Educational
6researchers　can　take　an　active　role　in　supporting　the　teaching　and　learning　environment　to
foster　communication　skills．　In　particular，　measuring　the　quality　of　discussion　should　be　the
most　impor匙ant　basis　for　efrective　education．　Measuring　the　quality　of　discussion　enables　us
to　examine　the　ef「ectiveness　of　a　certain　course　or　curriculum　for　developing
communicating　skills．
　　　　　　ln　general，　however，　it　is　dif師cuIt　to　measure　the　invisible　discussion．
Communication　in　discussion　constitutes　a　complex　of　verbal，　non－verbal，　cognitive，
af「ective，　logical　and　illogical　information．　Furthermore，　it　is　an　on－g6ing　process　involving
many　participants，　How　can　we　conceptualize　and　measure　it？The　answer　to　this　question
is　of「ered　by　Inter－utterance　Quotation　Network　Analysis（IQNA）（5）．　IQNA　is　an　analysis
system　based　on　natural　language　processing　technology　and　analyzes　verbal　information
extracted　as　transcription　from　face－to－face　conversation　or　on－line　chatting．　The　o切ective
of　the　present　paper　is　to　introduce　four　tools　for　measuring　the　quality　of　discussion．
　　　　　　The　previous　studies　using　social　network　analysis　have　already　published　in
various　areas　such　as　the　analysis　of　the　structures　in　social　networking　service，　human
relationship，　citation　relationship　betWeen　academic　articles，　and　so　on．　The　uniqueness　of
the　present　approach　is　that　lQNA　uses　information　of　uttered　contents　to　expticatb
meaning　networks　embedded　in　discussion．
Theoretical　Basis　of　lQNA
　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　の　　　　　　　lQNA　was　inspired　by　the　concept　of　inter－textUaIity　（3）．“lnter－teXtuality”is　a　term
which　means　the　relationship　between　particular　texts．　Any　literary　works　written　with　original
inspiration　should　be　a　compilation　of　the　quotation　from　other　works．　By　extension，　any　text
should　be　full　of　quotation　from　the　texts　read　by　the　author．　This　is　also　true　to　the　words
spoken　in　a　certaih　discussion．　Meaning　in　a　certain　utterance　would　be　a　compilation　of
other’s　utterances，　at　least　in　part．　IQNA　assumes　that　important　words　in　a　discussion　will　be
used　repeatedly　by　other　members．　Then，　the　concept　of“quotation”in　discussion　is　de行ned
operationalIy　as“using　the　word　that　was　previously　uttered　by　others”．　lf　we　employ　the
assumption　about　the　quotation　of　words，　we　can　estimate　the　extent　to　which　a　particular
member　contributed　to　the　discussion．　On　the　other　hand，　if　a　researcher　is　interested　in
evaluating　group　process，　helshe　can　use　the　quotation　information　forthe　group　as　a　whole．
ln　sum，　theoretical　assumption　of　IQNA　is　that　the　discussion　process　can　be　understood　in
　　　　　　　禽　lt　should　be　noted　that　the　concept　of　inter－textua騎ty　in　the　present　paper　is　quite
different　from　the　one　originally　proposed　in　Kristeva°s　work．　The　meaning　of　inter－textual
quotation　in　IQNA　is　operationally　de伽ed　as　using　a　certain　word　again　in　later　time　sequence．
However　this　definition　might　be　much　narrower　than　the　original　one，　Kristeva’s　work　should　be
cited　for　apPreciation　of　the　inspiration　she　gave．
7terms　of　word　relationships　quoted．
Reasons　to　Focus　on　Transcription
　　　lQNA　uses　textual　data　such　as　a　transcribed　material，　However，　preparing　transcription
is　time　consuming　and　expensive　in　generaL　Despite　this，　there　are　three　reasons　for　using
teXtual　data．
（1）　　　Transcription　is　produced　everywhere．　Many　educational　researchers　and　teachers
have　archived　information　of　classes　with　transcription．　lmportant　meetings　are　sometimes
transcribed　for　record．　The　analysis　system　using　IQNA　can　make　use　of　those
transcriptions．
（2）　　　Cost　for　preparing　transc巾tion　is　Iower　than　preparing　a　corpus．　Sometimes　in
research　of　natural　language　processing，　researchers　construct　a　perfect　corpus．　However，
the　cost　for　preparing　a　corpus　is　much　higher　than　just　transcribing　recorded　sounds．
Although　constructing　a　corpus　needs　detailed　information　such　as　morpheme　boundary，
conjugation　form，　intonation，　and　subtle　expression，　transcribed　data　used　in　IQNA　only
needs　the　words　uttered．
（3）　　　In　on－line　chatting，transcription　is　automatically　produced，　because　users　type　their
own　words．　The　analysis　system　using　textual　data　can　be　applied　to　the　data　from　on一踊ne
chatting．
Objectives　of　the　Present　PaPe「
　　　　　　　lQNA　was　first　developed　by　Tomida（5），　which　was　written　in　Japanese．　The
objective　of　the　present　paper　is　to　introduce　IQNA　to　broader　international　readers．
Compared　to　Tomida（5），　the　present　paper　has　added　some　new　tools　to　IQNA．
　　　　　　　In　the　remaining　part　ofthe　paper，　requisites　for　applying　IQNA　to　actual　data　and　a
demonstration　of　how　IQNA　works　are　explained．　Finally，　future　applications　of　IQNA　in
educational　settings　will　be　discussed．
　　　　　　　　　　　　　　　　　　　　　　　　　　　Requisites　for　IQNA
Data　sets
　　　The　necessary　data　for　IQNA　is　oply　transcription　and　speakers’ID　information．　ln
general，　transcribed　teXt　should　be　arranged　in　the　order　in　which　the　participahts　spoke．
　　　However，　an　actual　arrangement　rule　depends　on　the　research　oblectives，　Data　sets
should　be　saved　in　the　format　of　textual　or　csv．　Speakers’ID　and　transcription　should　be
　saved　as　separated側es．
8ApPlications　for　Analysis
　　　Microsoft　Excel　and　KH　Coder（2）are　the　applications　primarily　used　in　IQNA．　MySQL
and　Chasen（4）operate　behind　the　KH　Coder．　MySQL　is　a　widely　known　free　database
sofヒware．　Chasen　is　also　a　free－licensed　engine　for　morphological　analysis，　which　is
developed　and　distributed　by　Matsumoto　at　the　Nara　lnstitute　of　Science　and　Technology（4）．
　　　Microsoft　Excel　is　used　for　preparing　data　sets．　The　KH　Coder　is　used　for　the　preliminary
processing　of　data　The　main　process　is　done　by　the　original　macro　programs，　which　was
developed　and　coded　by　the　author　using　Visual　Basic　for　Applications　of　Microsoft　Excel．
General　Procedure
l　　　　Transcribing　sound　data：ln　case　data　from　a　chat　log　is　used，　this　process　can　be
skipped．　As　explained　above，　the　speakers’IDshould　be　ident而ed　and　saved　in　another　file．
Order　and　location　of　the　transcription　and　the　speakers’ID　should　be　the　same　in　the　both
碗les．　An　example　of　transcription　is　shown　below．
1．Aki
2．Eita
3．Masa
4．Aki
5．Masa
lthink　that　calm　people　resort　to　violence　when　their　pent－up　stress
explodes．　Their　feelingS　gush　out　because　they　can’t　put　up　with　it　any
more．
My　opinion　is　that　they　were　the　victims　of　violence　themselves　or　that　they
are　unable　to　endure　or　keep　themselves　from　behaving　violently，　That’s
what　l　thought．
ldon’t　know．　The　only　thing　that　I　can　come　up　with　is　stress　or　something
like　that．
Another　thing，　when　something　they　can’t　tolerate　happens，　um，there’s　no
way　they　canjust　let　it　go，　even　though　they　are　usua旺y　calm　and　don’t　get
angry・
Ah，　it’s　dif而cult．
2　　　　Cleaning　a　data　set：Mistyping　and　speech　errors　included　in　transcription　should　be
corrected　before　the　following　procedure．　You　can　use　the　concordance　function　and　the
word－listing　function　built　in　the　KH　Coder．　lt　helps　find　inconsistencies　of　expression　as　well
as　the　contextual　meaning　of　a　certain　word　in　discussion．
3　　　　Constructing　a　word－by－context　matrix：aword－by－conteXt　matrix　is　a　rectahgular
matrix，　which　has　a　vertical　axis　plotting　conversational　turns　and　a　horizontal　axis　plotting
obsenved　words．　An　example　of　this　is　shown　in　Figure　1．Plotted　numbers　in　each　dell
9indicate　how　many　corresponding　words　are　observed　in　the　corresponding　conversational
turn．
4　　　　Processing　a　word－by－context　matrixl　the　remaining　procedure　depends　on　the
purpose　of　analysis．　Though　detailed　explanations　will　be　given　later，　the　remaining
procedure　has　two　objectlves：（1）calcUlating　indices　for　discussion　qua豚ty，　and（2）
visualizing　the　process　and　quality　of　a　discussion．
streSStheywhento vioiencetherefor Iittle叩
? whatby happentease
1 1 1 1 1 1 1
2 2 1 1 1
3 1 1
4 3 1 1 1
5
6
7 2
8 1 1 1
9 1
10 ? 1 1
11 1
12 1 1 1 1 1 2 1 1
13
14
15
16 1
17
18
19 1 1
20 1
21
22 1 1 1
23
24 1 1
25
26
27
28
29
30
31 1
32 1
33
34 1 1
35 1 1
36
37 1
Figure　1：An　abridged　segment　of　word－by－context　matrix
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　　　　　　　　　　　　　　　　　　　　　　　　　　　List　ofAnalytical　Tbols
　　　So　far，　IQNA　has　four　malor　tods．　The　tool　used　depends　on　the　kind　of　data　and　the
purpose　of　the　research．　The　fourtools　and　corresponding　indices　and　supPosed　outputs　are
summed　up　in　Table　1，　These　are　categorized　in　terms　of　the　scope　of　inter－textuality．
Scopes　where　quotation　happens　can　be　divided　as（A）intra－individual　plane，（B）
inter－individual　plane，（C）intra－group　plane，（D）inter－group　plane．
Table　1：Four　analysis　tools　for　the　different　types　of　inter－textuality
ToolScope　of　intertextualityMajor　1ndex Visual　Output??
D
1ntra－lndividual
Inter－lndividual
lntra－Group
Inter－Group
Degree　of　Self　Quotation
Rebtivized　degree　of　contribution
Teacher’s　frequency　rate　of　being
quoted　by　students
乙tnder　de　ve／Oρノnent
乙tnder｛feレθ加加θηオ
Under　de　ve／opment
Visualiz d　social　graph
Large－scale　visualized　social
graph
　　　　　　　　　　　　　　　　　　　　　　　　　　　Detai量ed　Description
A．　　　　　lntra－individual　Analysis
　　　This　analysis　is　applied　to　teXtual　data　which　are　repeatedly　collected　from　a　single
participant．　Tomida（6）theoretically　assumes　that　selfLquotation　from　previously　spoken
contents　can　be　an　advance　indicator　for　developing　thinking　ability，　which　is　necessary　in
discussion　situations．　In　the行rst　place，　participants　tend　to　consider　two　sides　of　an　issue
separately．　Through　repetitive　speeches，　they　wi11　start　to　quote　what　they　have　previously
said　in　the　opposing　arguments．　Then，　when　measuring　this　process，　the　point　they　begin　to
quote　themselves　can　be　applied　to　the　training　of　the　thinking　skills　which　is　necessary　in
collective　decision　making．
　　　Tomida（6）set　up　the　experimental　situation　in　which　a　participant　gives　a　short　speech
repeatedly　on　the　same　topic（repeated　self－refutation　task）．　For　example，　one　of　the　speech
topics　is“Smoking　in　public　places　should　be　banned”．　After　three　minutes　preparation　time，
aparticipant　will　make　a　speech　into　a　microphone　for　the　duration　of　60　seconds．　If　he／she
ararms　the　position　of　the　topic，　helshe　will　then　start　the　speech　from　the　athrmative　side．　lf
he／she　does　not　agree　with　the　statement，　helshe　will．do　so　from　the　negative　position．　After
taking　of　60－second　break，　he／she　will　then　start　a　second　60－second　long　speech　taking　the
opposite　position。　Participants　are　forced　to　try　to　persuade　themselves　of　a　position．
Opposite　one　they　have　only　just　supported　a　minute　earlier．　They　will　repeat　it　6　times，　giving
atotal　of　12speeches．
　　　Participants　were　Ms．　M　and　Ms。　J．　M　is　a　female　undergraduate　student　in　a　Japanese
university．　J　is　a　female　graduate　student　in　the　same　university．　M　is　over　10　year－ojd
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younger　than　J．
　　　Table　2　shows　a　part　of　the　distribution　of　the　words　of　a　repeated　self－refutation　task
from　13th　to　18th　speech　2．　The　data　were　extracted　from　the　speech　by　Participant　M．　The
plotted　binary　number　in　each　cell　means　the　appearanoe　of　a　corresponding　word　in　a
certain　speech．　As　you　can　see，　some　words　such　as“right”，“liquor”，　and“stress””were
observed　only　in　the　context　of　the　negative　or　con　position．　On　the　other　hand，　the　words
such　as“health”and“smoke”were　observed　in　the　context　of　af行rmative　position　in　the
beginning，they　were　also　observed　on　the　negative　pos面on　in　the　later　speeches．　lt　means
that　the　words　used　on　the　one　side　were“quoted”on　the　other　side．　This　transition　is　also
shown　in　the　words　such　as“economy”，“store”，“interest”，　and“tax”．　The　analysis　of
intra－individual　quotation　measures　how　many　words　were　quoted　in　a　certain　speech　for　the
first　time　from　the　other　side’s　speech．　lf　you　look　into　the　transition　of　this“quotation
frequency”through　the　repetitive　speeches，　you　can　understand　how　one’s　thinking　were
integrated，　as　shown　in　Figure　2．　The　vertical　axis　indicates　the　quotation　frequency．　The
horizontal　axis　indicates　the　speech　number．　The　result　shows　that　the　participant　M　started
to　quote　himself　much　earlier　than　the　participant　J．　lnJ’s　case，　the　effect　of　speech　repetition
started　to　appear　after　the　seventh　time．　As　shown　above，　the　intra－individual　analysis　can　be
used　to　measure　the　effect　of　the　repeatedly　self－refutation　task，　the　perspective　employed
here　should　be　apPlied　to　other　settings．
Table　2：Asample　of　distribution　of　words　in　a　repgatedly　self－refutation　task
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Figure　2：Transition　of　Frequency　of　Quotation　through　18Speech　Repetition．
B．　　　　lnter－individual　Analysis
　　　This　analysis　is　invented　to　measure　the　quality　of　individuars　activity　in　a　group
discussion．　A　current　analysis　tool　forthis　category　is　about　calculation　of　Relativized　Degree
of　Contribution（RDC）．　RDC　is　an　index　for　individual　contribution　in　a　group　discussion，
proposed　by　Tomida（7）．
　　　The　procedure　for　calculating　RDC　is　as　foilows：（1）constructing　a“quotation　matrix”
from　the　word－by－context　matrix，（2）calculating　the　sizes　of　ego　netWork，（3）calculating　RDC．
Detailed　explanations　on　the　procedure　are　given　below．
（1）　　　Constructing　a　Quotation　Matrix
　　　Aquotation　matrix　is　a　square　matrix，　which　has　generated　by　compressing　information
of　the　word－by－context　matrix．　The　top　row　indicates　the　members　who　uttered　a　certain　word
for　the　first　time　in　a　discussion．The　first　column　indicates　the　members　who　quoted　the　word
from　the　original　speaker．　Then　each　number　in　the　matrix南eans　how　many　times　a　certain
member’s　original　words　are　quoted　by　other　members．　For　instance，　the　number　located　in
the価rst　row　and　the　14th　column　means　that　words　student　12　originally　uttered　and　quoted
by　a　teacher　were　14　dif「erent　words．　This　part　of　procedure　for　caIculating　RDC　is　shared
with　the　lntra－group　and　inter－group　analysis　as　introduced　later．
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Table　3：A　Sample　of　Quotation　Matrix
T　SOI　SO2　SO3　SO4　SO5　SO6　SO7　SO8　SOg　S10SI　l　Sl　2　S13
Teacher
Student　Ol
St　udent　O2
St　udent　O3
St　udent　O4
Student　O5
Student　O6
StuderIt　O7
Student　O8
St　udent　O9
St　udent　10
StuderIt　ll
Student　12
St　udent　13
2????????1 ?? ???? ????? ?????14?????????? ?? ?? ? ?
（2）Calcul孕ting　the　sizes　of　ego　network
　　　Constituting　a　quotation　matrix，　many　analyticai　tools　included　in　the　network
analysis，　which　was　developed　in　the　academic　area　of　sociology，　can　also　be　applied
to　the　matrix．　The　inter－individual　analysis，“ego　network”is　used．　The　ego　network　is
the　network　constituted　by　the　nodes　that　have　direct　links　to　a　target　node．
　　　Figure　3　depicts　the　relationships　between　a　whole　network　and　an　ego　network，
Although　the　Iinks　shown　in　Figure　3　do　not　indicate　the　directions　of　quotation，　a
quotation　matrix　retains　infomation　that　who　quoted　whose　words．　The　information　of
direction　is　omitted　in　Figure　3　for　convenience．　ln　the　case　the　information　is　needed，
the　picture　can　be　drawn　as　a　directed　graph．
　　　Preparing　the　quotation　matrix　such　as　Table　3，0ne　can　draw　a　visualized　graph　of
whole　quotation　network．　That　whole　graph　would　be　like　the　left　one　in　Figure　3．　The
right　one　is　an　example　of　ego　network　of　the　student　37．　ln　this　case，　the　node　of　the
student　37　is　Iinked　with　six　other　nodes．　Here　the　size　of　the　ego　network　is　six．
Therefore　someone’s　words　are　more　frequently　quoted，　the　size　of　the　ego　network、will
be　Iarger．　This　relationship　indicates　that　the　each　member’s　size　of　the　ego　network
can　be　used　as　a　measure　for　his／her　contribution　to　the　discussion．
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Figure　3：Visualized　Graph　of　The　whole　group　and　An　Ego　Network．
（3）Calculating　RDC
　　　However，　the　frequency　of　quotation　will　automatica囲y　get　larger　depending　on　the
amount　of　word　spoken　in　discussion，　Because　the　size　of　ego　network　would　be
affected　by　the　amount　of　word　uttered，　the　latter　should　be　controlled．　RDC　is　contrived
so　that　the　amount　of　word　would　be　controlled」n　simply　way，　calculation　of　RDC　is
shown　the　following　equation．
RDC＝Size　of　Ego　Network　l　Number　of　U廿ered　Word
　　　ln　actual　calculation，　both　the　size　of　ego　network　and　the　number　of　uttered　words
are　used　as　the　fraction　of　the　total　number　of　discussant　and　the　total　number　of
uttered　words．　Tbmida（7）verified　in　a　case　study　that　RDC　has　good　property　as　an
index　for　potential　contribution　in　discussion．
　　　RDC　is　most　powerful　when　the　scale　of　discussion　is　relatively　Iarge　such　as
about　10　to　40　members．　ln　a　large　scale　discussion，　for　example　a　classroom　in
elementary　school，　a　few　good　comments　delivered　by　less　talkative　member　tend　to　be
not　appreciated　properly．　RDC　can　measure　that　subtle　contribution　sensitively．
C．　Intra－group　Analysis
　　　The　previous　tool　deals　with　measuring　individual　activity　in　group．　This　analysis　is　for
measuring　quality　of　group　discussion　as　a　whole．τbmida（5）proposed　an　index　for
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student－centeredness　in　classroom　discussion．　Tb　explore　an　appropriate　index，　nine
candidate　variables　were　prepared　as　below．℃entralization”shown　in（e）and（f）is　a
popular　index　used　in　network　analysis．　This　index　indicates　how　much　a　certain　network　is
controlled　by　the　most　influential　member．　They　are　calculated　using　the　software　for
network　analysis　such　as　UCINET（1）．
（a）Tota｝　utterance　frequency　in　whole　class．
（b）Students’utterance　frequency．
（c）　Teacher’s　utterance　frequency
（d）Teacher’s　rate　of　utterance　frequency
（e）Degrees　of　centralization　for　the　frequency　of　quoting　others’words
（f）　Degrees　of　centralization　for　the　frequency　of　being　quoted　by　others
（g）T（）tal　frequency　of　quotation　in　whole　class
（h）Frequency　rate　of　quoting　students’word　by　a　teacher
（i）　Frequency　rate　of　teacher’s　word　being　quoted　by　students
　　　Among　these　candidates，　variable（i）was　the　best　index　that　predicted　which　class　hasd
more　student－centered　structure．τb　verify　this　finding，　t－test　was　administered　to　examine
group　difference　in　mean　variable（i）between　student－initiated　classes　and　teacher・・initiated
classes．　ln　student－initiated　4　classes（ルf＝．04，　SD＝．02），　teacher’s　words　were　significantly
less　quoted　by　students　than　in　teacher－initiated　9　classes（M＝．14，　SD＝・01）（t（11）＝3・93，
P＜0．01，tWo－tailed）．
　　　Using　this　index，　teachers　are　able　to　measure　the　activity　in　classroom　discussion　by
themselves　to　evaluate　their　own　teaching　skills．　Because　its　analysis’process　is　objective，
they　can　compare　their　lessons　to　own　lessons　chronologically　and　other　teachers’lessons．
Although“frequency　rate　of　teacher’s　word　being　quoted　by　students”is　onIy　one　index　for
the　inter－group　analysis　until　now，　it　is　possible　to　find　other　indices　from　the　tools　of　the
network　analysis．　That　attempt　is　still　in　progress．
D．　　　lnter－group　Analysis
　　　This　analysis　attempts　to　measure　the　quality　of　discussion　and　individual　contribution　to
it　in　discussions　held　across　multiple　classes．　The　basic　technique　is　same　to　the　one　used　in
the　lntra－group　analysis．　The　target　data　is，　for　example，　a　learning　unit　in　elementary　schooL
Sometimes，　it　is　necessary　to　have　a　number　of　discussions　to　understand　a　particularly
dif行cult　point　or　to　decide　something　important．　ln　such　cases，　some　topics　are　taken　over
from　the　prior　discussions．　ln　general，　important　topics　are　much　more　likely　to　be　taken　over
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than　trivial　or　irrelevant　ones．　Therefore，　the　inter－group　analysis　assumes　that　the
discussant　whose　words　were　more　frequently　quoted　by　others　in　later　discussions　had
contributed　substantially　to　the　discussion　as　a　whole．
　　　　Figure　4　is　an　example　of　the　inter－group　quotation　network，　which　has　data　from　13
discUSsions　related　to　a　single　topic，　Examining　the　relationship　betWeen　those　discussions，
we　can　obtain　another　measure　with　long－term　evaluation　of　discussants’activity．　Up　to　the
present　date，　this　is　only　a　visual　representation　of　the　quotation　network　across　plural
discussions．　lt　is　necessary　to　develop　some　indices　for　quotation　across　discussions．
Deveiopment　of　the　indices　is　in　progress．　However，　even　now，　researchers　and　practitioners
can　use　this　graph　to　find　important　contributors　whose　utterances　are　frequently　quoted
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Figure　4：AGraph　of　lnter－Group　Quotation　Network
　　　　　　　　　　　　　　　　　　　　　　　　　Advantages　and　Iimitations
　　　　　　　The　contribution　of　IQNA　is　that　it　gives　us　quantifiable　indices　for　the　quality　of　a
discussion　by㎝ploying　comput飢ional　power．　This　enables　researchers　to　compare
di什erent　discussions　and　examine　the　factors，　which　may　affect　the　quality　of　a　discussion，　in
amore　empirical　and　explicit　manner　than　qualitative　discourse　analysis．
　　　　　　　AIimitation　of　the　index　proposed　is　its　applicability　to　other　genres　of　discourse．
The　discourse　analyzed　her6　are　often　open－ended　creative　discussions．　It　may　be　dif価cult　to
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apply　the　same　index　to　other　types　of　discussions　such　as　those　on　mathematical
problem－solving　in　which　the　repertoire　of　words　used　in　the　classroom　is　fairly　restricted．
Therefore，　it　is　necessary　to　examine　to　what　extent　the　index　can　apply．
　　　　　　　　　　　　　　　　　　　　　　　　　lmplications　for　the　future
　　Currently，　IQNA　is　only　used　by　researchers　for　measurement．　However，　the　analytical
technique　should　be　opened　to　teachers　and　learners　who　would　Iike　to　better　their　thinking
skills．
　　　The　most　promiSing　applications　of　IQNA　are　in　the　two　programs：（i）an　on－site　support
system　for　teachers　and　students　to　facilitate　classroom　discussion　in　school，　and（ii）an
on－line　self－training　system　for　the　thinking　ability．　These　applications　will　help　foster　the
communication　and　thinking　skills　necessary　in　socially　interactive　situations．
　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　Note
　　　This　research　was　supported　by　the　Japanese　Ministry　of　Education，　Culture，　Sports，
Science　and　Technology　Grant－in－aid　for　Scientific　Research　to　the　author（Project　No二
19730412）．
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